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Abstract 
 
Influence of Irrigation and Reservoirs on Water Budget and Land Surface 
Temperature over Indian Subcontinental River Basins 
 
Land use/land cover and climate change are the two major factors that affect the water cycle. 
Additionally, land surface water budget can be significantly influenced by anthropogenic 
activities such as irrigation and reservoir operations. Understanding the water budget is essential 
for planning and management of water resources. The Indian subcontinental river basins are 
largely influenced by the rapid land cover change, intensive agriculture, and use of surface and 
groundwater resources for irrigation. Notwithstanding the strong influence of irrigation and 
surface water storage on the water budget, most of the previous estimates of water budget over 
the subcontinental river basins ignore the role of irrigation and reservoir storage. Irrigation helps 
to meet the water demand during the weak monsoon and dry seasons. In result, the net irrigated 
area in India has expanded from 56.93 to 63.60 million hectares between 2001 and 2010. 
Moreover, about 4000 dams were constructed to supply irrigation water, flood control, and 
hydropower generation in India. Despite the massive irrigation and presence of reservoirs, our 
understanding of their influence on water, energy budgets and the land surface temperature 
remain poorly constrained. 
We studied long-term (1901-2012) change in water budget components (Precipitation 
(P), Air Temperature (Ta), Evapotranspiration (ET) and Total Runoff (TR)) in the 18 river Indian 
subcontinental basins using observations and simulations from the Variable Infiltration Capacity 
(VIC) macroscale hydrologic model and a stand-alone routing model. We used daily 
precipitation, maximum temperature, and minimum temperatures from the India Meteorological 
Department (IMD) for 1901-2012, which were used to simulate the water budget components 
from the VIC model. Prior to the assessment of the water budget components, the VIC model 
was successfully calibrated and validated against in-situ (streamflow) and satellite (MODIS ET 
and ESACCI soil moisture) observations. Long-term (1901–2012) changes in hydroclimatic 
variables in the 18 Indian subcontinental basins were examined with hydrology simulated using 
the VIC. Change point analysis using the sequential Mann–Kendall test showed two distinct 
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periods (1901–47 and 1948–2012) for the domain-averaged monsoon season (June–September) 
precipitation. Hydrologic changes for the entire water budget were estimated for both periods. In 
the pre-1948 period, a majority of the river basins experienced increased monsoon season 
precipitation, ET, and surface water availability (as defined by TR). Alternatively, in the post-
1948 period, monsoon season precipitation declined in 11 of the 18 basins, with statistically 
significant trends in one (the Ganges basin), and most (15) basins experienced significant 
warming trends. Additionally, in the post-1948 period, the mean monsoon season ET and surface 
water availability declined in eight (with significant declines in four) basins. The results indicate 
that changes in ET and surface water availability in the pre- and post-1948 periods were largely 
driven by the changes in the monsoon season precipitation rather than the air temperature, 
despite prominent warming after 1975. Coupled modes of variability of sea surface temperature 
(SST) and surface water availability indicated El Niño–Southern Oscillation (ENSO) as the 
leading mode. The second mode was identified as the trend mode for surface water availability in 
the subcontinental river basins, which was largely driven by SST anomalies in the Indian and 
Atlantic Ocean regions. This indicates that surface water availability in India’s subcontinental 
basins may be affected in the future in response to changes in large-scale climate variability. 
Irrigation modulates the terrestrial water budget in intensively irrigated regions. 
However, the influence of irrigation on water budget and land surface temperature (LST) has not 
been quantified in Indian sub‐continental river basins. Here, using the in‐situ and satellite‐based 
observations and the VIC model with irrigation scheme, we show that the presence of irrigation 
(no water constrained scenario) substantially alters water budget (especially ET) and LST in the 
sub‐continental river basins. While irrigation results in increased ET in all the 18 sub‐continental 
basins, mean annual ET of Indus and Ganges basins increases by 47% and 12%, respectively due 
to irrigation. TR has increased in the most basins due to irrigation. Irrigation has a remarkable 
influence on LST with the cooling of 0.2‐0.65°C. Compare to other basins; irrigation water 
demand is high in Indus and Ganges basins during the post‐monsoon season (October‐January). 
Our results show that between 1951 and 2012, irrigation demand has decreased in 13 out of the 
18 basins during the pre‐monsoon season (February‐May). However, irrigation water demand 
increased in 12 out of the 18 basins in the post‐monsoon season. Changes in irrigation demands 
are largely driven by changes in soil moisture due to weakening/strengthening of the summer 
monsoon precipitation. Our findings have implications for water budget estimation over 
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intensively irrigated basins, where ET might be substantially underestimated in the previous 
studies that do not consider the role of irrigation. 
Constrained water management activities (e.g., irrigation practice and reservoir 
construction) alter the water and energy budgets over irrigated agricultural land. Moreover, these 
activities modify streamflow seasonality. The role of water management activities and their 
interaction with the terrestrial water and energy budgets have not been sufficiently studied over 
Indian subcontinental Basins. In this study, we coupled a well-evaluated water management 
model with the VIC model to examine the impacts of irrigation and reservoir operations on 
terrestrial water and energy budgets over the Indian subcontinental basins. We conducted two 
simulations:  NATURAL (i.e., no irrigation and no reservoirs) and water management scenario 
(i.e., with irrigation and with reservoir regulations, referred to as MANAGED) over 18 basins 
from 1951 to 2012. Our results show that the water management activities have significant (p-
value < 0.05) impacts on ET, latent heat flux (LHF), and LST in most of the river basins during 
the pre-monsoon season (February-May). Comparing to the NATURAL scenario, ET and LHF 
under the MANAGED scenario are significantly increased in most of the basins during the pre- 
and post-monsoon seasons, especially in semi-arid regions. LST and sensible heat flux (SHF) are 
reduced due to the presence of irrigation and reservoirs mainly in the pre-monsoon season when 
irrigation water demand is high. 
 
 
